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So 

(a) ffi#J## 1 <DT ^ ,/MB#IS:-£t?* >r?*£t&=J- K-r<5itfc^ 0 

(b) gg#J## 1 (DT ^ 7 Bftffi#fic J3 tt S & < 1 XttfSrtBfiDTS Jmi$K9< 

So 

(c) Bi#J##2©y^ SWtW&&l&!Ztt9>rt9R*:n- Sitter. 
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(g) HJ#J## 2 CD 7 ^ y £ ^ t? # > A° ? f„ 

(h) BB#f#-£2©7 3 ^MftBB^(tcfeWS^j&< %, l Xtt»ra<0 7 3 JMi$K%: 

[0 0 0 1 ] 
[0 0 0 2] 

T*&£ ^ m ffi^tfMt 3*1® gfrVo 1.25, No. 2, 149-162, 1990) „ d (D 

[0 0 0 3] 
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& £ (Shinozaki and Yamaguchi-Shinozaki , Plant Physiol. 115:327- 
334, 1997) „ 

[0 0 0 4] 

[0 0 0 5] 



(Abscisic acid; ABA) < L T »J , £CDX h 



[0 0 0 6] 

3 T'RFO© EI 1 0 fC^-f J: O *J«>JC#^ V J -Jl& 



If ft &c 



&?g#J£ JHfe LT Z. H -S *><D<DfrX%> o £. (Blackman S 
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« 

A. et al. Plant Physiol. 100:225-230,1992, Ooms J.J.J, et al. Plant Phys 
iol. 102:1185-1192, 1993) D 

[0 0 0 7] 

mfLli* *ft%ic£v\T&, tt»&£©x h i/xic3 £3*i&fcftica£/<fcABA 
IIIfczK^OfltfKSfcttJ £ R£ d h e> tiT a „ |gK»CABA<B-&/£aUc3£M#£ 

«if#ti^-r <^otv\-5 0 L^L/J5s*«e>, ABA^MM^s^c^-ai, 

^Kft«t,T%3&^ , r£;ii:#aj3fe<6. o£ UABAfc^gEMtif^^JCfcttS 
92*S6fitt©iSTttl8«> £>;fl&V^Koornneef , M et al., Physiol. Plant. 61:377 
-383, 1984, Duckham, S.C. et al., Plant Cell and Environ. 14:601-606, 19 
91, Rock, CD. and Zeevaart, J.A.D., Proc.Natl. Acad. Sci. 88:7496-7499, 
1991) □ 

[0 0 0 8] 

JEMli^^$tl^V^(Nambara, E. , et al, Plant J. 2:435-441, 1992, Kriz, A 
.R. , et al, Plant Physiol. 92:538-542, 1990, Parcy, F. , et al, Plant Cel 
1 6:1567-1582) c O * »J «^ ©$£flM&&»$&lCO V^T i*U3-<D + £> ABI3 
#ABA«fc »J <b*l& 0 

[0 0 0 9] 
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[00 1 0] 

[0 0 1 1 ] 
[0012] 

(2) _tffi#9*^7 ^TCD(a)X«(b)(Dil>g^-l?fe 

(b)@B#j#-5t i ©7^ y^fa#Bc£tt&4>&< h%j i xitmm^r ^ ;»^* 

[0 0 1 3 ] 

(1) fa«(DMUC;*f-r£X hl/Xfitt##^S= 
(d)BB#I#-Jf 2 0)75 </ MB#I JC S 4> < i: 1 3Ui»fi©7 5 

[0 0 14] 

(4) mmftttiz&tfzij?trj-jimzm*t*i±&z£*ftmt.-?z> a 
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[0 0 15] 
[0 0 16] 
[0017] 
[0 0 18] 

(e)SB#J#-^ 1 (Z)T^ J mM^i^ti Z y A ^ H„ 
[0 0 19] 

[0 0 2 0] 
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irtf, MjiiLTti, «K:Rilsn6v^, Mill i/U^^±Xi~, #<<X 
[0 0 2 1 3 

£7^T*££„ £ ^IC^fls^SCte, Liu, J.J. et al., Plant Physiol. 109: 505- 
511, 1995fCfB«£tlTV^#&&ClpCT$!l£t-£^£#T-££ 0 4mM 

MnCl 2 &-£tJiRj£il81*f?R(50BM Hepes-Na, 2mM DTT, pH7.0) , ICM/S^f*© # > 
A^^0.017mg$:*U^.30 o C, 15#|HK M/fctfc, 4mM UDP-#^ V h - 

X, 20mM myo-^f J t/ V -;i/&t>*0.16mg BSA£#B;L, h - $ ;Hml(Z)^-e $ IZ3 

o°c. 30^181 >r y^r=L^- Mt^^f ; -;i/-&j&KJ£&fr M£S?&*<z># 

=y^^J - ;i/ « M£t^2mltf)cold 100% Et0H£ #n*.T #9 # 

[0 0 2 2] 

[0 0 2 3] 

13=? V?- J -^/^JERBS^at^^tt, G e n B a n k & ZO)?- Z ^- * Vn 
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ffl%f~7u ^7Aii Lipman-Pearso nS$:iibfeGE NETIX- 
MAC (I^flf*jSily7h I ?xr, V7h^l7i^i) fcif&MV^Tfc «fc 

3P&&C*fJ&t-<g>y^V-£mv\ 5' RACE& 3' RACE^iCt, $5 
lZ^nm&^-%:mn-tZ>Z.£tfX'gZ> 0 ftfcfl&^SaMS^tt, Soluble Protei 
n Expression System(INVITROGEN£fc) ^> Tight Control Expression System (IN 
VITROGEN^fc) Jf>, QIAexpress System(QIAGEN*±) & E(D^r y h £jg^& 

iCoWTli, Plant Molecular Biology, A Laboratory Manual (Melody S. Clar 
k (Ed.), Springer)fc£lc#U<gB«3*lT^S 0 
[0 0 2 4] 

Lfepoly (A) +RNA^^cDNA7^7*7'J-^ISL, rOcDNA 

R (polymerase chain reaction) (C «fc o Tffiplf -5 r £ &C J; o T, Mt^r 
[0 0 2 5] 

aTlC, poly (A) + RNA^£#^ 5^7 St#~r 
S^Sc&^^WtC^W'tS. Poly (A) + RN A<DMmB&£ LTtt, 
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Afr&^U =T (d T) ffl#&J5V%T poly (A) + RN A £ £ 

, ^RNA&iajtflCpoly (A) + R N A Z\ £ <DT*% 2> 3r y h (MP 

G Direct mRNA Purification Kit, CPG, INC. *±^) $:§MLt%^^ 0 
[0 0 2 6] 

cDNA^^f^'J-^mfcftiClt tfpoly (A) +RNA£ 
»CU *U=f (dT) ^7^7- 9>#A^-f 3 
CJ:ot-*icDNASMU ^CJC^y9-*7V> (Gubler and Hoffman 
) $56, tA'Y'?-^-^ (Okayama-Berg) ^ (Molecular CI oning 2nd edition. 
Cold Spring Harbor press, 1989) f [C j; 'J^ic DN A&^t5 0 #v * 

=f- j - )\s£?f&BmMte+<D$%mMtf'p&\<^m&iziz, pcR&jftj;BLfc c dna 

"y-irfy V — fNH^rV h (Capfinder PCR cDNA Library Construction Kit(CL0N 
TECH*±)^) £J^T, P C R IC <fc o T c D N A Srffifig L, T J: V*. -<Z)J;e>&C 
It^LfccDNAtt, ¥?fr;fcafiHfc, U>#-©#fltI, PCRlCjc^ffJPSP^ 

[0 0 2 7] 

c DNA^-f ^7'J-«^i"J-l>^Mt5^D-^DNAi^lt 
PCR&f?^ ~£#T?£S 0 MAtf, ^*^©»fC&#3«Jtf># 

0 

fis^jfc^ n >f £ Rf£ u PCR&C -5 ^ 9 >f V- Srflgfff -T S ^ £ £ £ o 

[0 0 2 8] 

Z\(D£ e> fCl^lf L/T-n-fiXLfe y^^f V — ^t^^V AD N A £ £J V ^ T PCR £ ^ 

t5„ V^^SRACES (Rapid Amplification of cDNA End:PCR PR0T 

OCOLS A Guide to Methods and Appl icat ions, ACADEMIC press INC.p28~38) £ 
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© # 9 ? 7 - Jft ^ n # (D &3£gB£I fC S -3 V ^ T f£5g L ^ n - :/ 5: M 

[0 0 2 9] 

45^ A>f^y^-f^->S/a>XliPCRICJ:ot]R^t4. ffi, 

(3) poly (A) +RNA?:^IflCj:ot^Ifl, tfW - h AX 

iStt&^&stfU K&n- FtSmRN A##£-t£ IIf7}£&5£ U -etl 

J:'Ji»0cDNAii/t^l, JCtfTtS. 

(4) ^f^^^y->H/^»3R*fli#:&f^lKL/, # >A*5t3&9J'<* #-(C c DN 
A^>f ^U-fcSlit, ®^&?&£IC^*££-£T cDNA#H- K-T£#>/\°^ 

(5) Kflt©7^ J ^@B#Ifr£M^&^-f V U RACES 
[0 0 3 0] 

NA&H*©%^/<?*— lCifi#5&«>&J: <, #U<tt, Plant Molecular Biol 
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ogy-A Laboratory Manual (M.S.Clark(eds.) , Springer) &CfB^£tlT V^„ 

[0 0 3 1] 
[0 0 3 2] 

fc;b*i«v\Rg»K @2^'J## 1 Xtt2 ©7 ^ yM^J{ci3VNT, l^L 
&S^©l^L<W:jRra©7 3 7Bfc<Z>fi#|, jfA, #flH, Xl±3S?ffiS:^tf 

SfStt&V^o JlfrlftfCli, N-*£my o -4 J is 

tC^ft^Ctt, Liu, J.J. et al., Plant Physiol. 109: 505-511, 1995lCfE^ 
3nTV^#&fC!^£TM5£-t<5^£#T^£ 0 -ttet>*>. 4mM MnClgfc-^&M 
£S^S?£(50mM Hepes-Na, 2mM DTT, pH7.0), fC$!l>t*fl&tf) # > R0.017mg£ 
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#D*-30°C, 15#l8f>f >^F^.^- hl/fit> 4mM UDP-#9* h-X, 20mM myo->f 
7 S/ h-frjBl.ZfO.16mg BSA&iO*., f> - * fl/l*l<D&"1* 3 £ fC30°C, 30#W-f > 

itS. jKjS|fc2ml(Z>cold 100% EtOnZttifLXlf???- J -Jl&f&lxJfoZ 

tt6 0 %JgiUt, 3 e> (C^^ L < 8 0 %J£*±, Ktt9 0 %J^_ttf>?S'l£ 

[0 0 3 3] 

n vitro^M^A&;tf#Mf <d*1<S> (G*^^, PCRlCi:£in vitro mutagenesis, 15 

1-158H, mm m*$j. &**mm* «Buax^sij#ffi[ife»iflax^s/u-x7«f 

* o & fifi^M^ % # 9 * ^ y - ji^&mmifLfc^' ic # * ti s c 

[0 0 3 4] 

ts^7^f;-;^MIfe?it Mx.ti, 3 Kurds'? 9* j 
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liN-*^;P-N' -ChD-N--hDV^7-^> (NTG) & L < &Mt^£<7) 
[0 0 3 5] 

oTt, ib#i## ixii2 fcM*sr^ y iftK^J&w-f s^f^^^y 

8fcV\©^#*C&5 6 01C % 1XSSC, 0. 1%SDS, $}$.l,<iZ, 0. IX 

ssc, o. i%sDsjcffi^"ts£«an?/w :/u *vxt-£^###tf e>*i 
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)l&f&ffi&Z%-tZ>£lZ, @B?!J## 1 * felt 2 iZBZtl&jf^?^ J -)\s^m 
ag^f *?Stt<© 3 0 %£*±, b < it 6 0 %J^±, $ £ &C#?£ L < 8 0 % 

[0 0 3 6] 

# - © ic ^ M # 9 * ^ 7 - ^fftSPSRfcMK^ & L/ /< ^ # - & # 

■t-So SfiRJCtt, 3¥L<tt, Plant Molecular Biology-A 

Laboratory Manual (M.S. Clark(eds.) , Springer) &£&CgE^£*lT V^#j&£: 

- 5 8 9 1 7 > hUtfU-*snyJ}m (#IS¥5 - 6 8 5 7 

5#£t$6#flc> . ^— r-r (#n¥5 - 50831 6^^mmm) ^ 

£#tf£^£#T*££ 0 #fC, Tzr^-t-mmmzM-t ZMM&mt. Plan Cell 
Reports (1987) , 6, 321 - 325lCfB«©#t&lCi£ CTf? 5 £ £ 5. #>f 

XfC*J"f Pro. Natl. Acad. Sci. USA, 86. 145 (1989), TIBTECH 

, 8, 145 (1990), Bio/Technology, 6, 923 (1988), Plant Physiol., 87, 67 
1 (1988), Plant Physiol., 91, 1212 (1992), Bio/Technology, 6, 915 (1988 
), Plant Physol., 99, 81 (1992)#lCffi*0>2;SsJCJfS CTf?"5 31 

[0 0 3 7] 
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»«±«, T;i/^Uffi±«{C^^^J^ Nad) & 

[0 0 3 8] 



[0 0 3 9] 
[0 0 4 0] 

80JSx flu*, fcffc, 90lCT?10#IB[5fcfflU 3 *l & $ £ {C 

[0 0 4 1 ] 

= HPLClC^tt, 09*. tf, *M^fADX5 0 0 (CarboPac MAI, 
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o 

[0 0 4 2] 

§SEtf>Mj# ft (C £ tt £ if ^ 9 *f- J - fr* £ Jfc«S! L/ T #*tf> # 9 * ^ y - /I/ & 

^^aa^sffisfffi.^© i^;wc*fu i.ia*&5<tf&, ^?*L<ii2 

< l£5fr h 20^©^^ £ & & £ £ & MQfc-f <£> u 
[0 0 4 3] 

IIHtS^tSiii^SS. lit, JS^??-; -/i/-&J&?£i£ra:> Li". J.J. 

et al., Plant Physiol. 109: 505-511, 1995lCffi«S*lT V^S^&tCif! 

j£f 5£fc#"C£<5. 4mM MnCl 2 %^tfjRJ&JBMK?R(50«ll Hepes-Na, 

2mM DTT, pH7.0), KW&ft&<n#>rt9 2tO-W m 8*iN*- so ' c * 15#H>f> d P 
^fc^, 4mM UDP-#^# h - 20mM myo-^f / */ h — ;i/#.t£0. 16mg B 

i©coid 100% Eton&ua ?LT a ? 9 <?- ; -;b^/&R/£&#iL3-&s 

a 

[0 0 4 4] 
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MUWWVsiJUZft U 1.12)^50^ L<1±2^^^30^, JcU#;£L<}± 

[0 0 4 5 ] 
[0 0 4 6 ] 

^bttiK, jlftifttcte, x^;i,* # >x;i/:7tf h (EMS) ^tfMfc^ 

[0 0 4 7 ] 

(EMS) ^<3Dffc^3g^S:Mv>T#fe3EM«fcJ: 'JISI&MU 
?;n^#>ft?#f, fesm*, (ELI SA) iJ 1 ? 9 J - 

mmm © # > /\° # sc* © # v ^ & © & -r & r a -e % tg -e & § „ 

[0 0 4 8 ] 

[*M] 
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*<DjS^t??- J -Jl&f&mmMfc^'Tfr^ U ^wsi76 (water stress- induced) 
#>&3£@2#I (Takahashi, R. et al. Plant Mol. Biol., 26:339-352) &5t;&CL 
X'f^'X h if — (Blast search National Center for Biotechnology Infomet 
ion, NCBl£rJg)£^T, 5/ n -f * ^X^&tt&Sge^HC £ yft^ n >f&%k 

7°7-f7-l:5' -CAAGGATCCGCAGATCACGTGCTAATCAC-3' (IB#I## 4 ) 
7°7^7-2:5' -CAAGGATCCCCTGGCAATCAAGCAGCGGA-3' (K#I## 5 ) 
7°7-fV-3: 5' -CGCCACAGTACAAGATCGGTTA-3' (@B^'J## 6 ) 
7°7'fV-4 : 5' -CATGAAGAGGCGTATGCAGC-3' (j§g?lj#-^ 7 ) 
^5-fV-5:5' -CTTTCTCGGACAAGATGGCA-3' (fB#I## 8 ) 
>^ ^ V-6 : 5' -GTGTTGACAAGAACCTCGCT-3' (HJ#|## 9 ) 
[0 0 4 9] 

AtGolSltC-^*nSDNAWf^rT?**. * fe, RPfiftJC ^9 >f V- 3 RXf 4 £M ^ 
fePCRT'ilfipI^tl^ DN Att, 2/n>f 5?-^>C^-JCfe^S^f^^^y -,n/^JER 
3H5 : ?AtGolS2lC^*4x*DN AWf^Tfe*. 4 V-5&tf6 V^fcPCRT* 

ipg£4i£DN Alt, *i~X-riz&i-lz>rt^ ; -;i^J*HNR3tte-y-AtGo 

lS3tC-^ * tl S D N A mftT* & £ „ 
[0 0 5 0] 

#PCRT*Jf(iLfeDN AWftf&pBluescript II SK+ (Stratagene*±§g) CDEcoRV 
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cDNA^ -f ~?*7 U — (Seki et al. Plant J. 15:707-720, 1995) £X V U - — > ^ 
[0 0 5 1] 

MSI§i& (A^S/^X^-^(Murashige and Skoog 1962) Jgi&. 
1 X B5 Vitamin(Ganborg et al. 1968), 0.5%MES, 3%sucrose, pH5.7, 0. 
8%agar) IC n 5*:hX"J* (Arabidopsis thaliana, Columbia, wt) (D^^^ffiS 
U 2 0 ra4"C T* {£M#L3l £ fT V * 3M IS221C T" £ W 2 * . 
[0 0 5 2] 

Kjtfl/TKfl&X h l/X&-£*.fe. 250mM NaCl?M (>f *->£g|3!KJCNaCl £ 

StttJ) &S/-V-l/lCteft#(B«#»&5gfl! (^JlOml, 3§A«T?^S|S»;jg?«lCSP> 

„ SblC, 250mM NaCl^|g{Cf^^.T10" 4 mM ABA$g?fc& S/-V- WCf£^, MS^b- 

h J: u 3l£8ev^s/n>f s-J-x w^lC ioT, S/D>f S^Xf-fC^LT 

ABAX h l^X 3£lC, S/D>f ^^-X-^Sr^WS-ftfeMS^U- h&4TC© 

>f a zi^ic iot, Z/u^ yt^-X-f-izMLTi&M.x b uxz 

[0 0 5 3] 

RNA&J&£L£. (Nagy F, Kay SA and Chua N-H (1988) Analysis of gene expre 
ssion In transgenic plants. In Gelvin and Schi lperoort , eds, Plant Molec 
ular Biology Manual, B4. Kluwer Academic Publishers, Dordrecht, pp 1-29) 
o m^tlf-RN AmmZl%£>TtfU-Xtf)l$:M)<^T 1 U5^g-fo* 

*t*l&b&. m^foM&(Di%<DTjju-x>f;ifribMk$:-}'jny*y-7u> ( 
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[0 0 5 4] 

^ K$:fil?S£ l/T, DIG RNA Labeling Kit (SP6/T7) (Rochefr) fc^^TDIGT* 
[0 0 5 5] 

AtGolSl~3(0^&«[ggL/fcfl^CacS&^SC"e* H2liS/-v-U±T4TrLfe 
*/ n >f -TXi-K ^ S AtGolSl~3©^ SfltS L/ fei^S^It^S □ £ tl 
^EIl^.t>*0 2{C^-r<fce){C, AtGolSl^t>*AtGolS2ii, fg«;* h l/X&lW£$g 
h U^&#Afc^SJC»3Sf|»Sti*z: £#¥!f*. AtGolS3fcfc, {£M 

fclg-^lCW:, AtGolSl&t>*AtGolS2#!!§i!§i^£;ftTV^ 0 

[0 0 5 6] 
3. AtGolSl~ 3ff >^?gODflMB 

AtGolSl~3# >^^ICfCfe»S^9^^y -^/^JSttSrfltfgf Sfcft, 
, AtGolSl~3#>/t*«S:f|fgBLfc. _tffl 1 T'flig L £^£*cDNA* n - > tC £ 

^7-fV-7 : 5' -CGCGGATCCATGGCTCCGGGGCTTACTCAAAC-3' (BB^(f## 1 0) 
^7^V-8 : 5' -CGCGGATCCCCACCGACAATTTTAACTCCTGG-3' (gj#f## 1 1 ) 
^7^7-9 : 5' -CGCGGATCCATGGCACCTGAGATCAATACC-3' (IB#f## 1 2 ) 
:/^>f V-10 : 5' -CGCGGATCCGAGGCGTATGCAGCAACGAGC-3' (BB#f## 1 3 ) 
-7^4 V-ll:5'-CGCGGATCCATGGCACCTGAGATGAACAACAAGTTG-3' (IB#I## 1 4 ) 
:/ 9 >f V - 12 : 5' -CGCGGATCCCTGGTGTTGACAAGAACCTCGCTC-3' (HJ#J## 1 5 ) 

-tlatots 754 v-7&tJ«8$:/^TAtGoisi# wt^JCcDn-^-f 

&*tf(BL, ^"9>f "7 — 9&tflO&8IV**CAtGolS2# > # j£© 3 — -5 s -f 

*fipIU V-U&m2£M^TAtGolS3# ^A^ftODn-^-f Z/VW&ik. 
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[0 0 5 7] 

#CfC, ^£>*l£:DN A$r#£pBluescript IISK+ (Stratagene) (DEcoRV+^-Y h 

bfeo ^M<Z)fg#)£*l&^DNA$r#£, # ;v & =f- ^ y S-b^> 7s7 x.=y-M (GS 
T) it^^-^-^tfpGEX4T-l (Amersham Pharmacia biotech) ODBamHIif-f h \Z ~7 

V — ^OlZ^U-~y^L. ^r^^^v^^ KpGST-AtGolSl, pGST-AtG 

olS2,&tFpGST-AtGolS3£^igL£:,, Zl tl ^pGST-AtGolSl, pGST-AtGolS23Z;tepGST 
-AtGolS3£/§ V^*fl§»JM109$c&7£SC3£$l U LBfg:fcfec£-e37 0 C U 
[0 0 5 8] 

(IPTG)£#[J;L, 17°CT*12B#fS*»£iStt£„ *fli®£[S!lKU |ffi^«; 
7 7-[10 mM Tris-HCl (pH8.0), 5mM MgCl, 5% glycerol, 0.1 mM phenylmethy 
lsulfonyl fluoride (PMSF) , £ =fc Xf 0.1 mM dithiothreitol (DTT)] KffllMLf=. 
„ GSTHt-^ ^ > A ^ JC li, glutathione-Sepharose 4B [the GST gene fusion sys 
tem (Amersham Pharmacia biotech)] V> fe. 9 U V h "7 -i \Z J; *J L, 
-g-tf)^, hn^tfVtCiSGSTas^Sr-ejWfLfe. f# & tlfe * >A * pr 
otein assay kit (Bio-Rad,CA,USA) £M V^T^fe L 7c<, 
[0 0 5 9] 

GST-AtGolSl# >/\°#ft, GST-AtGolS2# > KS.f>*GST-AtGolS3^ 
IZtettZft^s;^ J -;i/-£-j?£?£'f££Liu, J.J. et al., Plant Physiol. 109: 50 
5-511, 1995lCfB«£*lTV^#&tCipCTM5£L& 0 AftlftfCJi, 4mM MnCl 2 & 
■£tf/fcjSiBMIr?fc(50«M Hepes-Na, 2mM DTT, pH7.0), Kfflfett&<D& >J*9 KO.O 
17mg$:^n^.30°C, > *r a ^- M fcffc, 4mM UDP-j*f^ # h 20mM 

myo-^f J *, h-^^t^O.iemg BSASrinA, h - # ;i/lml(D^T* $ £ fC30°C, 30^ 
n^>Jfa^-hLT^5^f ;-;i/MMJS?:ffoto &J^2ml<Z)cold 100% 
EtOH & Jn X. T i! =y 7 * J - fr^)&m& £ &± £ it t=. a 
[0 0 6 0] 

GST-AtGolSl# GST-AtGolS2# yA 7 SOfc.tfGST-AtGolS3# 
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m 3 a izmfeMM <d z > a ? m £ m± & v % o & *r fti^g* -e & £ „ ^ n ej 3 b 

~D{C^-f J: 3 JC, GST-AtGolSl^ ysi#M, GST-AtGolS2# >A°^jOfc.t>*GST-AtG 
[0 0 6 1] 

-tfE 1 ~3 T* 0J!£2MC&o£ J: ?IC, AtGolS12fctfAtGolS2tt, -etl-efttf ^ * 

f^-^M^U fgfllx h trams* N UXicioTMii 

Stlfe. -^Zl^ 3;fte>AtGolSl&t)?AtGolS2£^SrJ3§Ja-r3 h^>*^'jc y ^ 
itSr^ffiUfe. Mfttltlt */n>f 2^X^(Arabidopsis thaliana (L.) 

Heynh. Ecotype Columbia) d <£> >> n >f 5? fg#rfc£A*l£: 

fi^cm©^*^ y#mtf«J htCflHIU 22°C, 16BffigB:R(Z)^#TT% 6ii 

[0 0 6 2] 

X^SSS^n^E-^f- ^ &pBE2113/^ (Mitsuhara, I. Et al. Plant 

Cell Physiol. 37 : 49-59 (1996))#* £>GUS — % — it^^-§:^C^ L,fz.s<9 % 
- ( P BE21 14N0T) £ tfMK U $ & JC # V >f V > W <f£«fc^- ^U^T^i/^ 
ffiate^-tCttglLfe^^ ( P BIG2113N0T) &f£SBU */ n >f 5? ±X±i^ 
fSbfcAtGolsl~3C^\i*;ft;fr(DcDNA£^(9BamHI-tf-^f MCiE;fr[Rj ("fc >*;fr|nj) 
tCStJgLfetxO&f^lgLfeo AtGolsl~3(7^-f;ft;frtf>cDNA£, pBIG2113N0 

[0 0 6 3] 

#'£*lfc'***-&H#iS-£S£lcj: y zh»®(Agrobacterium tumefaciens s 
train GV3101 ( P MP90) ) (C#A L fc. S W©»^?:^Alfe±«|iII:^tV 

ItfttiCj:»;3B&U MJ±*M&(Bechtold,N. et al. C. R. Acad. Sc 
i. Paris. LifeSci. 316, 1194-1199 (1993)) £ & V^T SPAMS' O >f ^ ^-X^ 
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&<Dmmzmmht=. 0 ^mizit. mzwttmfo cr2) os^-fciomg/mKD/w 

^n7>fi/>MbBS^i/-M:iiU n BRg<2 4°c#L3l^3 3Sf15 2 2°C 
*#|fgu:#Abfcfc<m±£Wbfc^n>f s^X-J-&ms:/1/- h J: *J#^tc5f#4K 

& M Vf & «>30^B3« £ 5/ - U 0>£ 3: EH £ * * ^i^StS d ic J: 
ot, *>n>f S^X^Kl^bTlfcSU h 8^ia«tCiaJRbfeo _t!B 

y^Aae^o^a&fltsbfeJig^srHsic^-r. asicavrj^ic, Atcois 

IJt^Sr^A b No. l&tf 3lCfc ^TAtGolslfc^tfjSfHSSSi bT £ *J 
, dtie>No.l2fctf3S: h9>^^x-y^«l«Ji:bfc. AtGols2it>fK^-$:^ 
Abti^, No.llS.t>*29^Cj3V^TAtGols2it^^•^iliPJI6^gbTfe^J. ^^o 

.ll&tf29& h5>^^i-f b&„ 
[0 0 6 4] 

AtGolslit'e^-®.t>*AtGols251^^-?:T>^-fe>X^|Bl(C#A^^'o-OAt 
Golsl»fe^mtGols23t^©|g^*$: j etl J € ? tl»bfe^ : fo0 5 (C^-Tc 

EI5 {C^1"J:e)lC, AtGolsl3t^&r>^-fe>^^l^lC#Abfe»^ No. 4^ 
t^*8iC^V^TAtGolslit^^#§M^I^4^TV^fe 0 AtGols2it^ & T >• 

^■fe>^^lRltC#Abfe»-&, No.l&tf5tC^TAtGols2»fc^;tf#8^W0J2*l 

[0 0 6 5] 

f bT, AtGols23tfc^£^Ab£No.29(Z)«^\ AtGolsliffc^-fcT > 
*#falC#AbfcNo.4&tf8, &tfpBIG2113N0T©*&3IAbfc'<**--:3:v ha 
-;WCC^T, ±|HtC^"t^ilS^?:^tf^"^l/- h (Valvekens, D. et. Al. 
Proc. Natl. Acad. Sci. USA 85, 5536-5540 (1988)) lC»ffib 2 b 

ggcmo^^^-r-f v^^sK'V hJC4H#ro-€-n-?ti#*tb, 22°C, 16H3rlSH 
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o 

[0 0 6 6] 

£&17 Rmznyfcfol'T^V $-ny h n - ;i/^tt5E bt b $ 9 J: o 

[0 0 6 7] 

[0 0 6 8] 
[0 0 6 9] 
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[0 0 7 0] 

SEQUENCE LISTING 



<110> RIKEN 

AJIN0M0T0 CO. , INC 



<120> A method for providing a property of stress-resistance 



<130> RJH12-099K 



<140> 
<141> 



<160> 15 



<170> Patentln Ver. 2.0 



<210> 1 
<211> 344 
<212> PRT 

<213> Arabidopsis thaliana 



<400> 1 

Met Ala Pro Gly Leu Thr Gin Thr Ala Asp Ala Met Ser Thr Val Thr 
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10 



15 



lie Thr Lys Pro Ser Leu Pro Ser Val Gin Asp Ser Asp Arg Ala Tyr 

20 25 30 

Val Thr Phe Leu Ala Gly Asn Gly Asp Tyr Val Lys Gly Val Val Gly 

35 40 45 

Leu Ala Lys Gly Leu Arg Lys Val Lys Ser Ala Tyr Pro Leu Val Val 

50 55 60 

Ala Met Leu Pro Asp Val Pro Glu Glu His Arg Arg lie Leu Val Asp 

65 70 75 80 

Gin Gly Cys He Val Arg Glu He Glu Pro Val Tyr Pro Pro Glu Asn 

85 90 95 

Gin Thr Gin Phe Ala Met Ala Tyr Tyr Val He Asn Tyr Ser Lys Leu 

100 105 110 

Arg He Trp Lys Phe Val Glu Tyr Ser Lys Met He Tyr Leu Asp Gly 

115 120 125 

Asp He Gin Val Tyr Glu Asn He Asp His Leu Phe Asp Leu Pro Asp 

130 135 140 

Gly Tyr Leu Tyr Ala Val Met Asp Cys Phe Cys Glu Lys Thr Trp Ser 

145 150 155 160 
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His Thr Pro Gin Tyr Lys He Arg Tyr Cys Gin Gin Cys Pro Asp Lys 



165 



170 



175 



Val Gin Trp Pro Lys Ala Glu Leu Gly Glu Pro Pro Ala Leu Tyr Phe 



180 



185 



190 



Asn Ala Gly Met Phe Leu Tyr Glu Pro Asn Leu Glu Thr Tyr Glu Asp 



195 



200 



205 



Leu Leu Arg Thr Leu Lys He Thr Pro Pro Thr Pro Phe Ala Glu Gin 



210 



215 



220 



Asp Phe Leu Asn Met Tyr Phe Lys Lys He Tyr Lys Pro He Pro Leu 



225 



230 



235 



240 



Val Tyr Asn Leu Val Leu Ala Met Leu Trp Arg His Pro Glu Asn Val 



245 



250 



255 



Glu Leu Gly Lys Val Lys Val Val His Tyr Cys Ala Ala Gly Ser Lys 



260 



265 



270 



Pro Trp Arg Tyr Thr Gly Lys Glu Ala Asn Met Glu Arg Glu Asp He 



275 



280 



285 



Lys Met Leu Val Lys Lys Trp Trp Asp He Tyr Asp Asp Glu Ser Leu 



290 



295 



300 



Asp Tyr Lys Lys Pro Val Thr Val Val Asp Thr Glu Val Asp Leu Val 



305 



310 



315 



320 
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Asn Leu Lys Pro Phe He Thr Ala Leu Thr Glu Ala Gly Arg Leu Asn 

325 330 335 

Tyr Val Thr Ala Pro Ser Ala Ala 

340 



<210> 2 
<211> 335 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 2 

Met Ala Pro Glu He Asn Thr Lys Leu Thr Val Pro Val His Ser Ala 
15 10 15 

Thr Gly Gly Glu Lys Arg Ala Tyr Val Thr Phe Leu Ala Gly Thr Gly 

20 25 30 

Asp Tyr Val Lys Gly Val Val Gly Leu Ala Lys Gly Leu Arg Lys Ala 

35 40 45 

Lys Ser Lys Tyr Pro Leu Val Val Ala Val Leu Pro Asp Val Pro Glu 

50 55 60 

Asp His Arg Lys Gin Leu Val Asp Gin Gly Cys Val Val Lys Glu He 

65 70 75 80 

2 8 ffiiIE# 2001-3044040 
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Glu Pro Val Tyr Pro Pro Glu Asn Gin Thr Glu Phe Ala Met Ala Tyr 



85 



90 



95 



Tyr Val He Asn Tyr Ser Lys Leu Arg He Trp Glu Phe Val Glu Tyr 



100 



105 



110 



Asn Lys Met He Tyr Leu Asp Gly Asp He Gin Val Phe Asp Asn He 



115 



120 



125 



Asp His Leu Phe Asp Leu Pro Asn Gly Gin Phe Tyr Ala Val Met Asp 



130 



135 



140 



Cys Phe Cys Glu Lys Thr Trp Ser His Ser Pro Gin Tyr Lys He Gly 



145 



150 



155 



160 



Tyr Cys Gin Gin Cys Pro Asp Lys Val Thr Trp Pro Glu Ala Lys Leu 



165 



170 



175 



Gly Pro Lys Pro Pro Leu Tyr Phe Asn Ala Gly Met Phe Val Tyr Glu 



180 



185 



190 



Pro Asn Leu Ser Thr Tyr His Asn Leu Leu Glu Thr Val Lys He Val 



195 



200 



205 



Pro Pro Thr Leu Phe Ala Glu Gin Asp Phe Leu Asn Met Tyr Phe Lys 



210 



215 



220 



Asp He Tyr Lys Pro lie Pro Pro Val Tyr Asn Leu Val Leu Ala Met 



225 



230 



235 



240 
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Leu Trp Arg His Pro Glu Asn He Glu Leu Asp Gin Val Lys Val Val 

245 250 255 

His Tyr Cys Ala Ala Gly Ala Lys Pro Trp Arg Phe Thr Gly Glu Glu 

260 265 270 

Glu Asn Met Asp Arg Glu Asp lie Lys Met Leu Val Lys Lys Trp Trp 

275 280 285 

Asp He Tyr Asn Asp Glu Ser Leu Asp Tyr Lys Asn Val Val He Gly 

290 295 300 

Asp Ser His Lys Lys Gin Gin Thr Leu Gin Gin Phe He Glu Ala Leu 

305 310 315 320 

Ser Glu Ala Gly Ala Leu Gin Tyr Val Lys Ala Pro Ser Ala Ala 

325 330 335 



<210> 3 
<211> 1064 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 3 

atggctccgg ggcttactca aaccgctgat 
tcactgccat cagtccaaga cagcgatcga 
gattacgtga aaggagtcgt tggtttagcc 



gctatgtcca ccgtgacgat aacaaaaccg 60 
gcttacgtga cgtttcttgc tggaaacggt 120 
aaagggttaa ggaaagtcaa atcggcttat 180 
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ccactcgtag 


tagcgatgtt 


acccgacgtc 


ccggaggaac 


accgtcgtat 


acttgtggat 


240 


caaggatgca 


tcgtccgtga 


aatcgaaccc 


gtttacccac 


ccgagaacca 


aactcagttc 


300 


gccatggctt 


attacgtcat 


caactactct 


aaactccgta 


tctggaagtt 


tgtggagtat 


360 


agtaaaatga 


tatatttaga 


tggagacatt 


caagtttacg 


aaaacatcga 


tcacttgttt 


420 


gacctaccag 


atggctattt 


gtacgcggtg 


atggattgtt 


tctgtgagaa 


aacatggagt 


480 


cacacgccgc 


aatacaagat 


cagatattgc 


caacaatgcc 


ccgacaaagt 


ccagtggcca 


540 


aaagcggagc 


ttggagagcc 


accggctctt 


tacttcaacg 


ccggaatgtt 


cttgtacgag 


600 


cctaacctcg 


agacttacga 


ggatctacta 


cgaacactta 


aaatcactcc 


tccgactcct 


660 


ttcgctgaac 


aggatttttt 


gaacatgtac 


tttaagaaaa 


tctacaagcc 


gattccttta 


720 


gtgtacaatc 


tcgtccttgc 


gatgttatgg 


cgtcacccag 


aaaatgtaga 


gcttggaaaa 


780 


gtcaaggtgg 


ttcactactg 


tgcagcgggt 


tcgaagccgt 


ggagatacac 


agggaaagaa 


840 


gcgaacatgg 


agagggaaga 


tataaaaatg 


ttagtgaaaa 


aatggtggga 


catttacgac 


900 


gacgaatcct 


tggattacaa 


gaaacctgtt 


accgttgtgg 


acacagaggt 


cgatctcgtg 


960 


aatctgaagc 


cgttcatcac 


cgctcttact 


gaagctggcc 


ggctcaacta 


cgtgaccgca 


1020 


ccgtccgctg 


cttgaatgtt 


gccaggagtt 


aaaattgtcg 


gtgg 




1064 



<210> 4 
<211> 29 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<400> 4 

caaggatccg cagatcacgt gctaatcac 29 



<210> 5 
<211> 29 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequencerpr imer 
<400> 5 

caaggatccc ctggcaatca agcagcgga 

<210> 6 
<211> 22 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 6 

cgccacagta caagatcggt ta 

<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 7 
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catgaagagg cgtatgcagc 

<210> 8 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 8 

ctttctcgga caagatggca 

<210> 9 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 9 

gtgttgacaa gaacctcgct 

<210> 10 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
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<220> 



<223> Description of Artificial Sequence: primer 



<400> 10 



cgcggatcca tggctccggg gcttactcaa ac 



32 



<210> 11 
<211> 32 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 11 

cgcggatccc caccgacaat tttaactcct gg 32 

<210> 12 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<220> 



<223> 



Description of Artificial Sequence: primer 



<400> 



12 



cgcggatcca tggcacctga gatcaatacc 



30 



<210> 13 
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<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 13 

cgcggatccg aggcgtatgc agcaacgagc 

<210> 14 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 14 

cgcggatcca tggcacctga gatgaacaac aagttg 

<210> 15 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 




2001—072650 



<400> 15 

cgcggatccc tggtgttgac aagaacctcg etc 33 



[0 0 7 1 ] 

@2#J#-*§-4~l 5 iZ&f&7^4 V-T*&£,, 
[HI] 

[H2] 

Ht'4f Lti/n^ ^X^HC&tf £AtGolSl~3tf)#§JI£:, h 
[03] 

GST-AtGolSl# >y\°^^> GST-AtGolS2# > A ? ||,&£FGST-AtGolS3# JC 

fc£tt3#r7^y- jgtt & MS b fe^^-r #-M r- s> y , a ^gst^ 

Bl±GST-AtGolS14f >A^e©S^T?*>*;, CJ£GST-AtGolS2# 
*JC©»-&T?&»J, Dt£GST-AtGolS3# 5 „ 

[04 ] 

[05] 

[06] 

[07] 
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[08] 

o 

CH9] 

o 

[mi o] 
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[ 



#200 1—072650 



mm 



[si] 



4^ 



150mM 
NaCI 



0 3 7 14 3 7 14 3 7 14 3 7 14 BS 



AM* 



m 




AtGolSI 



iH AtGoiS2 



AtGofS3 



rRNA 



92] 



250mM NaCI 



O 0.5 1 1.5 2 3 5 8(h) O 0.5 1 1.5 2 3 5 8(h) 

AtGblSi 

K i-r* sr» AtGdS2 

AtG6!S3 









io-'M aba r 






00.5 1 1.52 3 5 8(h) 0 0.5 1 1.5 2 3 5 8 12 18 24 (h) 


<.!-'.•>** 




AtGdlSI 






AtG6lS2 




: r fit B W :AtGolS3 


fiiiiiwl 


^^^"'^^'rSiiw. /«& £&V£*£ 


>RNA 



1 
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[03] 




2 
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[04] 
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AtGolS2 




AtGolSI 





NOS-Pf o 




PB1G2113 



NOS-ter 



E12 




NOS-ter 





I-SIOOJV 



95] 



1 23456789 10 



J 



1 



1 45 63 10 3844 45 



VI 6 VI 9 



2 3 7 10 11 13 16 17 182S v16v1 9 



1 5 13 22 27 31 33 36 41 45 V16V19 



v16v19 



AtGoisi mmrnm^^ > 



AtGoisi saaway-f > 



AtGois2 mm^^-t > 



3 
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[06] 




^^-□>hO ~Jl AtGolS2 j&M&m.^J >29 




[0 7] 




4 
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[08] 
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nmol/g F.W. 

2000 
1800 
1600 

i46o 

1200 
1 000 

800 

600 

400 

200 
O 




Jl^Cpgalactinol 




AtGofSI 



AtGofSt 



AtGofS2> 



[09] 



(%) 

12 
10 

8 

6 

4 

2 

0 



AtGofSl 



*1 IUI«>'ii1»«l«*.«IBU»mwB t | II t»Mt, 



.'i'vl^-r"... 



AtGdlSi 
54 >B 




5 
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6 
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1 
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m m a 



[000006792] 
I . ^EM^F-MB 1 9 9 0# 8^280 



1 
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m m a 



(0 0000006 6] 



ft m 



1991^ 7 M 2 0 

3fcjKIPtp:&!Kj£*S 1 T @ 1 5 # 1 # 



2 
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